. These previously reported techniques require an unusually great amount of lipid dye in the sample gel, which makes it very difficult to see whether or not chylomicra are present 
Materials and Methods

Fifty microliters
of serum was applied to a pair of paper strips, and, after overnight electrophoresis in a Durrum cell, one strip was oven-dried for 30 mm, followed by Oil Red 0 staining (10). The other strip was immediately removed from the cell and 1-cm pieces were cut, starting from the point of application. The lipoproteins were eluted from the pieces with NaC1 solution (9 g/liter), and the eluates were electrophoresed on the PAGE system with use of the 36 g/liter acrylamide separating-gel. The LP fractions were dialyzed against saline (9 g/liter), and an aliquot (10 sl) of each fraction was electrophoresed on the polyacrylamide gel support medium described above (see "Procedure").
The identity of LP bands on the polyacrylamide gel was further confirmed by slicing the bands soon after electrophoresis and imbedding the gels in agarose (15 g/liter) prepared in barbital buffer (pH 8.6, 0.1 ionic strength) for immunodiffusion against rabbit antisera to human a-LP, 13-LP, albumin, and to whole serum. Aliquots of the same serum samples were electrophoresed on paper (10), agarose (12), cellulose acetate (13) , and in polyacrylamide gel (with use of acrylamide separating gel at a concentration of 36 g/ liter). The cellulose acetate procedure was modified by electrophoresing the samples on "Sepraphore ifi" membrane (Gelman Instrument Co., Ann Arbor, Mich. 48106) in a "Microzone" cell (Beckman) as described by Fletcher and Styliou (14) . The membrane was stained and cleared as described elsewhere (13) . The patterns on all four support media were scanned to determine the relative percentage distribution of the LP moieties, from which the a/3 LP ratios (a-LP/pre-3 + 3-LP) were obtained. Hyper-and hypolipoproteinemic sera. Sera from 125 patients were selected without conscious bias for lipoprotein determinations, and electrophoresed by the PAGE system to determine its merit as a clinical screening method for LP abnormalities as compared to the paper-electrophoretic method.
Hyper-and hypolipoproteinemic sera were included. The study was a double-blind one, in which the electrophoretic patterns obtained by paper and by PAGE were compared. All patterns by both techniques were visually inspected and classified. The PAGE patterns were also scanned, for more precise evaluation of the LP fractions.
The integrated peak counts of each LP fraction from the densitometric scans were compared to the scores obtained by visual inspection of the paper strips (10). Selected hyper-and hypolipoproteinemic sera were analytically ultracentrifuged for further confirmation of dyslipoproteinemia.
Results and Discussion
Evaluation of the Method
Optimum separating-gel concentration.
These results are shown in Figure 1 . If the LP fractions were to be visually inspected, the optimum concentration for separating gel was between 28.0 and 40.7 g/liter, in agreement with a previous report (8). For both visual and densitometric evaluation of the entire LP 
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spectra (chylomicra to a-LP), the 36 g/liter gel was most satisfactory.
For scanning purposes, this gel concentration allowed better separation of 3-from pre-3-LP than the 37.5 g/liter gel previously reported (3, 6) and also allowed the pre-3 LP to migrate several millimeters into the separating gel rather than lodging close to the beginning of the separating gel (16) . Separating gels containing more than 40.7 g of acrylamide per liter caused the a-LP fraction to separate into four to seven bands, which may represent different HDL moieties (17, 18) .
Characterization of the lipoprotein bands in acrylamide separating-gel (36 g/liter)
. In PAGE the eluates from the paper electrophoretograms corresponding to fi-, pre-fl, and a-LP fractions migrated in the same position as the LDL, VLDL, and HDL moieties isolated by the preparative ultracentrifugal technique (Figure 2) . In polyacrylamide gel, 3-LP (on paper) and LDL (by ultracentrifugation) migrate ahead of the corresponding pre-fl LP and VLDL fractions; in contrast, on paper support-medium the pre-3 LP and VLDL fractions migrate ahead of the -LP and LDL fractions. This difference is attributable to the molecular-sieving effect of the gel, which separates macromolecules primarily according to molecular size rather than by charge. The fast-migrating bands in the 0-1, 1-2, 2-3, and 3-4 cm frac- (180-240) (155-620) tions seen in the photograph (Figure 2 ) of the gels after electrophoresis were not lipoprotein bands, but albumin bands (yellowish-orange tinge), from the bovine albumin of the albuminated buffer extracted from the paper strip. The eluate from the 4-5 cm piece demonstrated the presence of -LP by PAGE (Figure 2 ). This was most likely due to a slightly slower rate of migration of this band on the paper strip that was used for LP elution studies than on the strip stained with Oil Red 0. Immunodiffusion ( Figure  3) indicates that the a-LP band of polyacrylamide gel reacted against anti-whole serum, anti-a-LP, and anti-albumin antisera with no cross-reaction against anti-/3-LP antisera. Only the precipitin line in the position of a-LP against anti-whole serum and the line against antia-LP antisera were Oil Red 0 stainable.
Likewise, the imbedded 3-LP band reacted against anti-whole serum and anti-3-LP antisera, but not against antia-LP antisera.
These dl). PAGE often reveals additional bands (such as double pre-/3-LP and double 3-LP) not found by the paper-electrophoretic method. About 32% of the normal sera and 56% of the hyperlipidemic sera that we screened showed a "midband" between the pre-fland 13-LP bands by the PAGE method. Analytical ultracentrifugal studies are being done to determine whether or not this band represents the Sr 12-20 fraction. The clinical significance of the double pre--LP, double [3-LP, or midband is not yet known.
The LP profile and intensity of each band obtained by PAGE method was evaluated visually and scored in the same procedure as paper (10). The introduce additional complications in interpreting the intensity of the band. Evaluation of the gel patterns by densitometric tracings (integrated peak counts) more accurately reflected the intensity of each band than did visual inspection.
Visual scoring of the band intensities of the gels agreed 74% of the time with the scores obtained by paper electrophoresis. The correlation coefficients (20) , r, comparing the integrated peak counts and paper electrophoresis scores for the chylomicra, pre-/3-, 13-, and a-LP bands were 0. 84, 0.96, 0.99, 0.90 :
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clarify the phenotypic patterns by clearly separating the LP fractions into discrete bands, which can be seen and can be evaluated by densitometric scanning. Although the patterns shown exemplify each of the classes of dyslipoproteinemias, they may not represent the only type of patterns in each class. For example, in Type V hyperlipoproteinemic serum, three chylomicron bands were found in the spacer gel (Figure 6 ), but we have observed the chylomicra represented as a single band at the interface of the sample and spacer gels in some Type V samples and as a single band in the spacer gel in others. In the Type I case (Figure 6) in the sample gel and of a decreased concentration of riboflavin in the sample and spacer gels diminished the background considerably, which facilitated visual assessment of chylomicra. Furthermore, because background was minimized, PAGE patterns could be scanned with a densitometer.
The integrated peak count of the scans provided a more accurate interpretation of the gel patterns and the intensities of each lipoprotein moiety.
To provide precise quantitative estimation of the lipoprotein fractions, investigation is now in progress to determine the optimum size for serum samples and for lipid dye concentration for this PAGE system. An in-depth investigation of PAGE patterns of various LP phenotypes is being made.
